Laypeople and healthcare professionals use demographic cues when making pain management decisions. These decisions can negatively affect patient outcomes. This study examined whether laypeople base their pain management decisions in part on pain-related postures and demographic cues. Virtual human (VH) technology was used to research whether sex and race, as well as body posture, influenced pain management decisions. Ninety-seven laypersons examined VH patients exhibiting low back pain related body postures whose demographic cues varied by VH sex and VH race. T tests validated that participants were able to distinguish between high pain related body postures and low pain related body postures. The participants assessed male VH patients to be experiencing more pain than female VH patients. This study suggests that participants use sex as a cue when assessing pain. Participants may perceive VH male patients as experiencing high pain intensity if the participants are willing to counter male stereotypes and acknowledge that the male VH patients display pain behaviors.
Introduction

R
esearch on sex and race has been conducted in both medical and nonmedical settings. Such research considers whether decision making is influenced, at least in part, by sex and race. [1] [2] [3] One area of medical research that has identified biases in patient assessment and treatment is pain research. The pain literature previously has found that undergraduates, healthcare trainees, and healthcare professionals use sex and race to influence their pain assessment and treatment decisions. [4] [5] [6] [7] Sex and race cue use may bias pain assessment, independent of pain level. At present, there are no medical or mechanistic reasons that patients should be treated or assessed differently because of their sex or race.
Unbiased assessment of patient pain behaviors (i.e., behaviors that serve to communicate that a person is experiencing pain) is important because clinicians generally must draw conclusions about their patients' pain experience based on their observation of those pain behaviors. 8, 9 Observing patients' pain behaviors is also a key way for healthcare providers to assess their patients' pain in situations where patients cannot describe their pain verbally, or when there may be significant factors influencing a patient's verbal pain report. 9 Pain behavior assessment, whether standardized or anecdotal, is very likely to be a part of every clinical encounter. It is important to understand how nonpain cues such as race and sex influence healthcare professionals' pain assessment and treatment decisions. Healthcare professionals frequently rely on facial expressions. Facial expressions are readily accessible, continuously available, and change rapidly depending on the level of pain. 10 Examples of facial expressions that display pain are brow lowering, tightening of the orbital muscles, nose wrinkling/upper lip raising, and eye closure. 10 Pain-related body postures are also a reliable method of pain assessment. 8, 9, 11 Five pain behaviors that are commonly associated with back pain are guarded movement, bracing, rubbing, touching the painful area, grimacing, and sighing. 8 Healthcare professionals can view the pain-related body postures while walking the patient to or from an exam room and while meeting with the patient. However, there has been limited research on whether the assessment of pain-related body postures is influenced by gender and race, similar to the influence of demographic cue use in the evaluation of facial pain expression. In order to answer this question, the study examined pain-related body postures of patients experiencing low back pain because low back pain is one of the most common reasons patients seek medical treatment.
Virtual human (VH) technology represents an innovative method for examining sex and race cues in pain assessment and treatment decisions. In previous VH research, investigators found that undergraduates, healthcare trainees, and healthcare professionals use gender and race, at least in part, to make pain assessment and treatment decisions. [13] [14] [15] [16] In these previous studies, participants assessed pain via VH facial expressions that have high visual and expressive fidelity in expressing high and low pain. Participants also read a scenario in which the VH-patients had been experiencing chronic back pain for more than a year. One criticism of the previous work was the lack of consideration of pain-related body postures as cues for pain. However, there is limited research on whether a patient's sex and race impacts the perception of the patient's pain-related body posture.
The current study sought to extend the literature by examining whether participants used the VHs' sex, race, and pain-related body postures to guide the pain assessment and treatment decisions of patients experiencing low back pain.
Method
Participants
A total of 97 University of Florida students (65 women) completed the study. The majority of the participants were Caucasian (62%). The rest of the sample was composed of Asians (24%), African-Americans (7%), and ''other'' (7%). The participants in the study were primarily Non-Hispanic (76%). The average age of the participants was 21.43 years, with a range of 18-44 years. All participants provided informed consent, and were compensated $15 for their participation.
Procedure
This study was approved by the Institutional Review Board (IRB) at the University of Florida. Participants were recruited via flyers posted throughout the University of Florida campus. Participants who expressed interest in participating in the study were directed to a secure, password protected Web site. Participants provided electronic consent and completed a demographic questionnaire. All of the participants observed 16 VH patient profiles presented in random order. The VH patient profiles are a novel, valid, and reliable method of researching how demographic cues affect a participant's pain assessment and treatment decisions. When observing a patient profile, participants read the following clinical vignette of a low back pain patient:
Patient presents with lower back pain for the past year of greater than 1 year duration. Patient reports that the pain began after a work-related lifting incident. The pain is located in the lumbar region of the back. The pain limits patient's ability to move around freely. Patient reports no prior surgical treatments and has current prescriptions for anti-inflammatory and analgesic medications.
In addition to reading the clinical vignette, participants viewed a 20-second looped video of the bodies of low pain and high pain expressing VH patients displaying back pain. Each of the 20-second looped VH patient videos contained two cues: VH sex (male, female) and VH race (Caucasian, African-American). The VH sex and VH race cues were portrayed by changing the VH patients' appearance (e.g., skin tone, hair color, hair length). Each cue combination was presented twice in order to achieve the optimal test sensitivity. In order to control for order effect, participants viewed all 16 VH videos in a random order. Participants were required to complete all VH profiles and were not permitted to skip or revisit a completed VH profile. Figures 1 and 2 depict still frame images of VH patients expressing high and low pain.
In order to obtain a realistic VH body displaying back pain, two physical therapists modeled how patients experiencing back pain (e.g., guarded movement, bracing, rubbing, and touching the painful area) and no back pain walk. 8 The physical therapists' behavior was captured using Autodesk 
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validated, VH bodies (e.g., those of men, women, Caucasians, and African-Americans) from Evolver Ò software were mapped onto the stick figures created in Autodesk Ò MotionBuilder Ò . For each VH patient, participants rated the level of pain intensity and their willingness to administer opioids. Ratings were recorded on separate 100-point visual analogue scales (VAS). Endpoints ranged from ''no pain sensation'' to ''most intense pain imaginable'' (pain intensity), and ''not at all likely'' to ''complete certainty'' (willingness to administer opioid analgesics).
Statistical analysis
All data analyses were performed using SPSS for Windows (v20). Descriptive statistical analyses were conducted to summarize the demographic and background characteristics of the sample. Independent t test analyses were conducted to determine whether participants could distinguish between the VH patients' high and low pain expression. Repeated measures analysis of covariance was conducted to determine whether participants' sex influenced pain assessment and treatment ratings. Repeated measures analysis of variance (RANOVA) was performed to examine assessment and treatment decisions made by participants as a function of the VH patient's personal characteristics (sex and race). The virtual patient independent variables in this study are sex and race; the dependent variables include pain intensity and the willingness to administer opioid analgesics.
Results
Realism of VH bodies pain expression
Of the 97 participants who participated in the study, 86 (88.7%) indicated that the VH patients displayed realistic depictions of pain.
Validation of high and low pain expressing VH bodies
Participants rated pain intensity higher and were more willing to administer opioid analgesics to high pain expressing VH patients than to low pain expressing VH patients ( p < 0.05). The results of the t tests are consistent with previous research, and serve as validation of the VH pain expression stimuli. Since the participants were able to distinguish between high pain and low pain body behaviors, this study will only report on the high pain expressing bodies to examine laypeople's pain assessment and treatment decisions. Table 1 presents the results of the t test analyses.
Pain assessment and treatment RANOVAs
Pain assessment. Participants assessed VH patients who were male as having greater pain intensity than those who were female, F(1, 90) = 11.74, p = 0.001, partial g 2 = 0.12. Table 2 presents the results for pain intensity.
Pain treatment. There were no significant findings for pain treatment ratings. Table 2 presents the nonsignificant results for willingness to administer opioid analgesics.
Participants' sex as a covariate
In order to determine whether participants' sex influences pain assessment and treatment ratings, participants' sex was 
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included as a covariate in the RANCOVAs. The pain assessment and treatment RANCOVAs, however, were not statistically significant.
Discussion
Laypersons, healthcare trainees, and healthcare professionals are influenced by patient sex and race in their pain assessment and treatment decisions. [13] [14] [15] [16] There are a number of pain behavior assessment methodologies (direct observation of patients' pain behaviors via continuous observation, duration recording, frequency recording or interval recording, the Pain Behavior Observation System, actigraphy, etc.) that assess stereotypical nonverbal, and nonfacial expressions of pain. 8, 9, 17 This is the first study to use VH technology to assess patients' pain-related body postures. The study found that, using this new VH technology, participants were able to distinguish reliably between patients' high and low pain related body postures. Similarly, 88.7% of the participants indicated that the VH patients in this study showed realistic depictions of pain.
There has been limited research examining whether sex and race influence pain assessment and treatment ratings based on pain-related body postures instead of pain-expressing faces. The current study addressed this gap in the literature by using VH technology to examine how VH sex and race influences pain-expressing body decision making. Unlike previous work that examined only facial expressions of pain, participants rated male VH patients as having greater pain than female VH patients when observing the same low back pain related behaviors. The study did not find VH race to impact participants' pain intensity ratings significantly. There were also no significant VH sex or race influences for willingness to administer opioids.
Typically, experimental research examining commonly held stereotypes of sex differences in pain are assessed via questionnaires, using the Gender Role Expectations of Pan Questionnaire (GREP), 18, 19 without the presence or aid of a visual pain cue. Gender role theories have suggested that men and women are socialized to respond differently to pain and have different expectations relative to pain perception. Previous gender role pain research has found that both men and women indicate that the typical woman is more willing to report pain, more sensitive to pain, and less likely to endure pain than the typical man. 18 However, results of this study differ from previous work on gender role theories of pain and facial expressions of pain, where women were generally perceived as having more pain. [13] [14] [15] [16] It is possible that providing a behavioral display of pain via body posture and impaired movement may work in conjunction with these stereotypes to alter pain ratings, and may serve to counter stereotypical assessments. Previous clinical research suggests that healthcare providers perceive men as less likely to report experiencing pain, or displaying pain behaviors, unless they are experiencing high levels of pain. 20 Clinical samples of chronic pain patients show small or nonsignificant sex differences for patients seeking care at a chronic pain clinic. 21 In this study, both male VH patients and female VH patients displayed high pain intensity related body postures. The increased number of pain cues that can be gleaned from the full body posture may have led participants to rate the pain of male VH patients higher than female VH patients on the stereotypical belief that men who are willing to display pain postures must be in significantly greater pain than women. Unlike previous clinical studies where the male VH patients were more likely to be treated more aggressively than female VH patients, participants in this study were no less willing to administer opioid analgesics to female VH patients than they were to male VH patients. 1 Results of this study also differ from previous work because this study did not find significant differences in pain intensity assessment or willingness to administer opioid analgesics to VHs of different races or ethnicities. There is fairly consistent evidence that racial/ethnic minorities suffer disproportionately from unrelieved pain and are less likely to receive pain medication than whites in clinical settings. 22 It is possible that participants rely more heavily on race and ethnicity as a cue to make pain assessment and treatment decisions when observing facial pain expressions than when observing pain-related postures.
A limitation of this study, which could account for some of the differences from previous work, is that none of the participants were healthcare providers with prescription privileges or experience. It is possible that the participants in this study, unlike those which included healthcare professionals, did not feel as comfortable rating pain intensity or prescribing opioids at different rates to the VH patients. However, it was important to conduct the research first with laypeople to determine whether participants were able to distinguish painrelated body movements the VH patients performed before asking healthcare trainees or professionals to spend time evaluating the patients. Second, not only will a portion of this college educated sample go on to healthcare careers, but the expectations, attitudes, beliefs, and biases of laypersons about pain are important for a variety of health policy issues. These individuals represent consumers of healthcare and are voters.
There are multiple public health implications for the results of this study. While the results demonstrate that the participants were able to identify the VH-patients who were experiencing high and low pain correctly by observing their pain-related body postures, it is also apparent that participants used sex and race cues in addition to the VH patients' pain expressions to make their pain assessment and treatment decisions. The use of such sex and race cues, which are unrelated to the health of the patient, can result in pain not being appropriately treated-either under-or overtreated. Thus, another implication of the study is to suggest the benefits of implementing or improving existing pain management programs for healthcare professionals. In addition, the results of the study suggest that it would be beneficial to create pain education programs for laypeople likely to encounter others in pain, for example caregivers and coaches.
Future studies should also examine whether viewing both pain-related body postures and pain-expressing faces affects the use of demographic cues by participants when making pain management decisions. The contradictory findings from pain facial expression and postural expression make this an important next step, and will also increase the ecological validity of the findings. Additional work is needed to examine ways of influencing or altering the cue use based on best practices (which generally do not recommend race or sex as cues for pain assessment).
This study has several additional limitations. The participants in the study might represent a select sample, which would limit the generalizability of our findings. Also, the sample for this study was relatively homogenous, primarily women, Caucasians, and young adults. Participant responses might not be representative of actual healthcare professionals. It might be that the pain ratings of laypeople and their willingness to prescribe opioid analgesics is not the same as those of healthcare professionals or trainees. However, now that it is clear that the VH bodies can be used to evaluate pain assessment decision policies, this research can be extended to those populations.
In summary, this study found that participants rated male VH patients as having higher pain than female VH patients displaying the same pain behaviors. Future research may benefit from examining whether stereotypes about demographic groups influence patient pain assessment and treatment ratings. The results of this study, and previous VH studies, can inform future clinical practices, research, and education about the use of sex and race cues when making pain management decisions.
